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It Is an object of the present invention to pro- vide a switched optical
network which can handle This invention relates to a switched optical
large numbers of signal channels more readily than network for connecting
signals from any one of a   hitherto possible. It is a further object of
the plurality of transmitter stations with any one of a   5   present
invention to provide a switched optical net- plurality of receiver
stations. It is of particular, but  work that can be readily expanded to
accommo- not exclusive, application to telecommunications   date a relative
few extra stations. In EP-A-223258 networks.
there is shown apparatus for interconnecting input It is generally
desirable to have a switched    and output via optically multiplexed
signals in network which is non-blocking for connecting trans-  10   which
selection relies on changing wavelengths of mitter stations with receiver
stations, that is, one in  signals. which any transmitter station can be
connected to  Accordingly there is provided a switched optical any free
receiver station at any time.             network for connecting signals
from any one of a A space switching circuit employing a single    plurality
of transmitter stations with any one of a stage of crosspoints requires a
number of switches   is  plurality of receiver stations comprising:- equal
to the product of the number of transmitter      at least two optical
multiplexing means each stations, T, and receiver stations, R. This
arrange-  responsive to signals from two or more transmitter ment becomes
increasingly impracticable as the     stations to provide an optical
multiplex correspond- number of stations increases because of the need
ing to the transmitter station signals; incorporate a rapidly increasing
number of  20       a plurality of demultiplexing means each re- switches.
One approach to solving this problem is  sponsive to an optical multiplex
and a selection to use a multistage switching network which can be  signal
to output one transmitter station signal to the made non-blocking for a
given number of stations   corresponding receiver station; and by means of
specific interconnections. Although        an optical switch means
responsive to switch reducing the number of switches needed from T.R,  25
signals to optically couple any one of the optical disadvantages of this
approach are that it is not  multiplexes to any one of the demultiplexing
easily expandable and the increasing complexity of  means. the control
system needed to control the switches.     The signal from each transmitter
station is con- If only a few extra stations are to be added to such
verted into an optical signal forming part of one of a network, the number
of additional switches can  30  the optical multiplexes coupled to the
optical switch be kept to a minimum only at the expense of        means.
Because the switch means can optically redesigning and reconfiguring the
interconnections  couple any of the multiplexes to the demultiplexer
between switches. If this is to be avoided the     associated with a chosen
receiver station, any existing stages must essentially be duplicated
transmitter station can be switched to any receiver which while reducing
the redesign necessary has   35  station. Thus, if, for example, 400
transmitters were more switching capacity than may be required.      to be
connected to 400 receivers the respective Another method of providing a
non-blocking      optical signals could be multiplexed into groups of
switched network is to multiplex the signals from  twenty multiplexes
thereby forming a non-blocking the transmitter stations and broadcast the
multiplex  network with reduced complexity to a similar net- to the
receiver stations and demultiplex the re-  40  work relying solely on
multiplexing all the optical quired channel. Various multiplexing schemes
have  signals onto one multiplex or by employing a 400 been employed, for
example pulse position coding,  by 400 optical switch. time  domain
multiplexing  and  frequency  or         Any multiplexing method producing
an optical wavelength multiplexing. Wavelength multiplexing   multiplex may
be used with the network of the in optical networks has been recognised as
provid-   45  present invention. Preferably wavelength multiplex- ing, in
principle, the means of multiplexing many  ing is used as this technique
provides the greatest thousands of optical signals but in practice there
scope for wideband communication to which op- are severe obstacles to be
overcome in providing   tical networks are of particular use. In this case
an optical network employing a multiplex of such a  each multiplexing means
may include a plurality of large number of frequencies. In an optical fibre
50  optical sources for providing optical power at two network the
wavelengths need to be closely         or more wavelengths, a plurality of
modulators spaced to fall within the useable wavelength win-  each
optically coupled to one of the optical sources dow of the fibre and the
optical sources of the    and responsive to a signal from a transmitter
sta- many wavelengths have to be extremely accurately   tion to provide an
optical signal representative of tuned. Similarly the optical detectors of
the receiv-  55  that signal, and a plurality optical combiners for ers
need to be very accurately tunable to receive  combining the optical
signals to form the optical only one wavelength with minimum crosstalk from
multiplex. adjacent wavelengths.
Generally, more than one transmitter station 2   



3                 EP 0317 352 B1                    4 signal will modulate
an optical carrier of a given  multiplex to any number of the
demultiplexers to wavelength. A separate optical source may be pro-  which
it is connected. vided for each such modulator or, alternatively,
Alternatively, the switch means may have a each optical source may provide
optical power for  plurality of optical space switches each having a more
than one modulator. Conveniently every   5   plurality of inputs equal in
number to the number of modulator operating at a given wavelength is sup-
multiplexes. In this case each multiplex is optically plied optical power
by a single optical source.   coupled to an input of every optical space
switch, Conveniently all the modulators of the network  and every
demultiplexer is coupled to one output of coupled to an optical source of a
given wavelength  just one of the optical space switches. are housed in a
respective distinct unit. Such a unit  10  The demultiplexer must be able
to extract the may have one optical input, for example an optical  required
transmitter signal from the multiplex for fibre, for connection to an
optical source with an  forward transmission to the corresponding receiver
internal optical splitter for splitting the optical power  station. In the
case of time domain multiplexing this from the optical source to each
modulator in the  can be achieved by optical demultiplexing methods unit.
With such an arrangement, an optical network  15  before the optical
signals impinge on an optical according to the invention can be expanded to
detector or by electronic demultiplexing after op- accommodate extra
transmitters in stages of one   tical detection. In the case of wavelength
multiplex- unit by providing an additional optical source op-  ing a
tunable optical filter can be used to select the erating at a wavelength
different from the others  required optical signal from the multiplex. and
coupling the extra unit's modulator outputs to  20  Where a particular
application of the present the existing multiplexes.
invention has the optical detectors of the demul- Another convenient
arrangement is to house all  tiplexers sufficiently close to the optical
modulators the optical modulators of the network whose optical  of the
multiplexers, a coherent optical detector may outputs form part of the same
multiplex in a re-  be used employing homodyne or heterodyne de- spective,
distinct unit. In this case the multiplexing   25  tection. There may then
be provided a selection means may conveniently include an optical coupler
means optically coupled to the sources of optical within the housing having
an output for connection  power which is responsive to a selection signal
to the switching means, the modulators each being  from the control means
to connect an optical connected to an optical source of a different
source with a selected output from an optical space wavelength. Such an
optical network can also be   30  switch. For homodyne detection the
optical sources conveniently expanded in stages to accommodate    are
combined unshifted in wavelength. For hetero- extra transmitters by
optically coupling the addi-  dyne detection the optical sources are
combined tional modulators to the respective optical sources  with a
selected output from the switch means after and optically connecting the
additional multiplex  being frequency shifted a predetermined amount.
output to the switching means.               35      It is anticipated that
an optical communication If desired, units of different size can be pro-
network according to the present invention provid- vided in either of the
above schemes to provide   ing interconnections between up to 10,000 trans-
more flexible growth stages.                      mitter and 10,000
receiver stations can be realised The control means will have to be
modified on  with present technology whilst having a structure of expansion
of the network to permit the new inter-  40  design which allows efficient
and economic growth connections. The switching means may be pro-      to be
achieved in relatively small, incremental vided with sufficient optical
waveguides for antici-  steps. When a network utilise wavelength multiplex-
pated expansion which could then be achieved     ing, the bandwidth for
each multiplex is limited only readily by splicing each new modulator group
to an  by the optoelectronic interface and therefore trans- unused
waveguide.                            45  mission at G bit rates is
expected to be possible. If the size of the network is known beforehand
It will be appreciated by those working in the the number of multiplexes
and the number of op-   field of the invention that the control means re-
tical signals per multiplex can be designed to op-  quired for the network
can be particularly simple timise costs by having regard to the relative
costs  and that the present invention is applicable to both of providing
larger and smaller multiplexers and   so  highly centralised and partially
distributed control switching means.
schemes and is not dependent on its operation on The switching means may
comprise a parallel   the actual control scheme or method employed. It bus
of optical fibres optically coupled to the mul-  is envisaged that the
control means will be elec- tiplexers, each carrying one optical multiplex
to a  tronic and computer controlled but optical control single respective
optical space switch, each demul-  55  means may be a possibility for
future systems. tiplexer of the network being connected to one       The
present invention is applicable to switched output of every optical switch.
That is, each optical  networks other than for use for telecommunications
space switch is arranged to connect the respective  applications. It may be
used in interconnecting 3  



5                 EP 0 317 352 B1                       6 devices on a
multiple processor, shared memory    shown) to maintain the required
wavelength separa- computers or other parallel processing schemes,  tion. A
range of techniques have been proposed to for example.
achieve this in a paper entitled "Evolutionary Where a large number of
multiplexes are em-    wavelength  division  multiplexed  schemes for
ployed it may be necessary to use in-line broad-   5   broadband networks",
by G.R. Hill, D.W.Smith, R.A. aand laser amplifiers within the switching
means to  Lobbett, T.G. Hodgkinson and R.P. Webb, OFC 87, amplify the
multiplexes due to splitting losses in-  Reno 1987. If the optical power
required by the volved in optically splitting each multiplex to sev-
modulators is more than one optical source can eral optical space switches.
provide, two or more optical sources can be pro- Embodiments of the present
invention will now   10  vided at each wavelength with a corresponding be
described by way of example only with refer-  lower optical split and with
each optical source ence to the accompanying drawings in which -
providing optical power to a subset of the units U. Figure 1 is a schematic
diagram of a switched   A smaller network will require fewer wavelengths in
optical network employing wavelength modula-    which case it may be
possible to dispense with a tion;                                      15
referencing system, and lasers would be chosen Figure 2 is a schematic
diagram of one unit of  which are separated in wavelength by several nm
optical modulators of the network of Figure 1;  and operated with
individual wavelength stabilisa- Figure 3 is a schematic diagram of an
alter-   tion. Other optical sources may be useable, eg. native grouping of
modulators for the network of  light emitting diodes with suitable optical
filtering. Figure 1;                                  20      The
modulators may be phase, frequency or Figure 4 is a schematic diagram of a
combined  amplitude modulators which in practice may be for optical space
switch applicable to coherent re-  example lithium niobate modulators. The
modula- ceivers; and                                   tors are grouped in
units for convenience which in Figure 5 is a schematic diagram of an
optical   practice may incorporate any number of modula- network using
non-wavelength multiplexing.  25  tors. If the number of modulators per
unit is less Referring to Figures 1 and 2, a switched optical  than the
number of available frequencies, two or network has one hundred units [err]
to [err] (only    more units will have their outputs combined to form four
shown for clarity) each housing one hundred of  a complete multiplex. The
number of distinct fre- ten thousand optical modulators [err] to [err] (see
quencies determines the maximum  number of Fig 2) each of which is
electrically connectable to a   30  channels on each multiplex. distinct
transmitter station (one shown) via one of  The multiplexed signs from the
multiplexing electrical connections [err] to [err] (only three per  means
are each coupled via the optical fibres 2 to unit shown for clarity). The
transmitter stations may  optical space switches [err] to [err] (only three
be sources telephone or television signals for ex-  shown for clarity) each
having one hundred inputs ample. Each modulator M of a given unit is opti-
35  (not shown). One input of each switch SW is opti- cally coupled to one
of optical sources 0, to [err]  cally coupled to one multiplexer. Each
switch SW each emitting a distinct wavelength [err]  has one hundred
outputs to provide in total outputs (only four shown for clarity). The
optical outputs  OP to [err] (only three shown for [err] for from the
modulators M within each unit U are       clarity), each output OP being
connected to a re- combined by means of optical couplers [err] to [err]  40
spective heterodyne receiver [err] to [err] con- respectively, to  form
one  hundred  optical     stituting the demultiplexing means, of an asso-
wavelength multiplexes each optically coupled into  ciated receiver
station. one of optical fibres 2 which are conveniently re-   A controller
6 monitors requests for connec- presented as an optical data bus 4. The
optical  tions and supplies switch signals on a switch bus 8 sources 0,
modulators M and optical couplers C   45  and selection signals on a
selection bus 10. are elements of the multiplexing means of the        The
optical space switches are configured to network.
be able to switch any input to any one or more In the arrangement of Figure
1, the optical    outputs OP simultaneously in response to switch power for
every modulator M operating at at a     signals received from the
controller 6 via the switch given frequency is provided by one
corresponding   so  bus 8. Thus a signal from any transmitter station
optical source 0 whose output is split 100 ways by  can be switched to any
receiver station by control- a corresponding one of the optical splitter
[err] to  ling the appropriate optical space switch to switch [err] one of
the splitter outputs being optically  the multiplex containing the
corresponding optical coupled to one modulator M on each unit U.
signal from the modulator M corresponding to that The optical sources O
may, for example, be   55  transmitter station to the desired demultiplexer
of a laser diodes or other sources of coherent optical  receiver station
and selecting the appropriate signal radiation. In the arrangement of
Figure 1 it may be  from that multiplex in response to the selection
necessary to use a central referencing system (not  signal from the
controller 6. 4 



7                 EP 0 317 352 B1                        8 Suitable optical
space switches are LCD type   1 to switch both a frequency shifted optical
source devices, combinations of optical and mechanical   and a multiplex to
a chosen coherent receiver in switches and D fibre devices or Lithium
niobate   response to signals from the controller 6. planar waveguide
switches, for example where con-     Referring now to Figure 5, a switched
optical figurable in a broadcast (i.e. one to many) arrange-   5   network
is shown suitable for use with multiplexing ment.
-methods other than wavelength multiplexing. In this In the arrangement of
Figure 1, the receiver   instance the controller 6 directs the required
mul- stations are associated with heterodyne optical re-  tiplex to the
required demultiplexer in the same ceivers R. The desired channel from the
multiplex  way as described earlier by controlling the appro- switched to
the receiver R is obtained by combin-  10  priate optical space switch SW.
The controller 6 ing the multiplex with optical power derived from  sends
the selection signals to the appropriate de- that one of frequency shifters
12 coupled to the   multiplexer via bus 10 to specify which of the optical
sources 0 which in turn is coupled to the  multiplexed channels is to be
demultiplexed for modulator M of the transmitter station to be re-  onward
transmission to the corresponding receiver ceived. The frequency shifted
optical power is  15  receiver station. The signals from groups of trans-
switched by means of optical space switches SW'    mitters may utilise
pulse position coding to form to one of optical couplers 14 (three shown).
The  the multiplexes, for example. frequency shifters may be acoustic-optic
devices      Alternatively, it may be possible to achieve or electrooptic
devices whose operation are based  demultiplexing of the required channel
by optical on the serodyne approach for example.         20   means prior
to applying any optical signal to an If homodyne receivers are used the
frequency   optical detector of the receiver, in which case the shifters
would be omitted.                         controller 6 will send selection
signals to the appro- Alternatively filters located in front of the op-
priate optical demultiplexer. tical detector of the demultiplexer tunable
under     In the embodiment of Figure 5, the multiplexes the control of the
controller 6 could be used to  25  are formed by multiplexing signals from
transmitter select the required channel from the multiplex.   stations in
the electrical domain to form an elec- Other arrangements of optical space
switches   trical multiplex which electrical multiplex is applied which
allow any multiplex to be switched to any   to an optical modulator to form
the corresponding receiver can be employed, for example optical
optical multiplex by multiplexers 14. Only one spaces switch could be used
which have one input  so   wavelength of optical power 16 is required but
for connection to a respective multiplex and have  several sources may be
provided if necessary. many outputs, with one output coupled to each
When only one transmitter station associated demultiplexer. This may have
application for small-  with a particular multiplex is transmitting it will
be er networks where the simplicity of the switch     understood that the
corresponding signal can be architecture may offset the necessity to
provide   35  regarded as being multiplexed with null signals multiple
coupling to each demultiplexer.          from the other stations. The
hetero/homodyne detection methods dis- cussed above have particular
applicability to net-  Claims works where the multiplexers and
demultiplexers are located closely together, for example in con-  40  1. A
switched optical network for connecting sig- necting components of a
computer system.              nals from any one of a plurality of
transmitter Referring now to Figure 3 an alternative group-    stations
([err]) with any one of a plurality ing of modulators M in units to that
shown in Figure  of receiver stations ([err]) comprising: - 1 is shown. All
those modulators M of the network         at least two optical multiplexing
means ([err] coupled to an optical source O of a given   45        - [err])
each responsive to signals from re- wavelength are housed in a distinct
unit, the multi-  spective two or more transmitter stations and plexes
being formed by combining one output of        each providing an optical
multiplex signal cor- each modulator with one output from each of the
responding to the signals of the transmitter other units. When the network
has the same num-       stations to which it is connected; ber of optical
space switches as multiplexes (as in  so   a plurality of demultiplexing
means (14); the Figure 1 embodiment), the optical combiners           and a
plurality of optical switch means may conveniently be formed by star
couplers with      ([err]); each output of each star coupler being
optically          characterised in that coupled to a different one of the
optical space          the plurality of optical switch means are switches
SW.                                  55      arranged to receive all of
said optical multiplex Referring now to Figure 4, an optical space
signals and each optical switch means is con- switch 14 is shown which
combines the action of       nected to a respective two or more receivers,
the combination of switches SW and [err] of Figure      each optical switch
means being controlled to 
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optical space switches are LCD type    1 to switch both a frequency shifted
optical source devices, combinations of optical and mechanical    and a
multiplex to a chosen coherent receiver in switches and D fibre devices or
Lithium niobate    response to signals from the controller 6. planar
waveguide switches, for example where con-      Referring now to Figure 5,
a switched optical figurable in a broadcast (i.e. one to many) arrange-   5
network is shown suitable for use with multiplexing ment.
methods other than wavelength multiplexing. In this In the arrangement of
Figure 1, the receiver    instance the controller 6 directs the required
mul- stations are associated with heterodyne optical re-  tiplex to the
required demultiplexer in the same ceivers R. The desired channel from the
multiplex  way as described earlier by controlling the appro- switched to
the receiver R is obtained by combin-   10  priate optical space switch SW.
The controller 6 ing the multiplex with optical power derived from  sends
the selection signals to the appropriate de- that one of frequency shifters
12 coupled to the   multiplexer via bus 10 to specify which of the optical
sources 0 which in turn is coupled to the  multiplexed channels is to be
demultiplexed for modulator M of the transmitter station to be re-   onward
transmission to the corresponding receiver ceived. The frequency shifted
optical power is  15  receiver station. The signals from groups of trans-
switched by means of optical space switches SW'    mitters may utilise
pulse position coding to form to one of optical couplers 14 (three shown).
The   the multiplexes, for example. frequency shifters may be
acoustic-optic devices       Alternatively, it may be possible to achieve
or electrooptic devices whose operation are based  demultiplexing of the
required channel by optical on the serodyne approach for example.
20   means prior to applying any optical signal to an If homodyne receivers
are used the frequency    optical detector of the receiver, in which case
the shifters would be omitted.                         controller 6 will
send selection signals to the appro- Alternatively filters located in front
of the op-  priate optical demultiplexer. tical detector of the
demultiplexer tunable under     In the embodiment of Figure 5, the
multiplexes the control of the controller 6 could be used to  25  are
formed by multiplexing signals from transmitter select the required channel
from the multiplex.    stations in the electrical domain to form an elec-
Other arrangements of optical space switches   trical multiplex which
electrical multiplex is applied which allow any multiplex to be switched to
any    to an optical modulator to form the corresponding receiver can be
employed, for example optical      optical multiplex by multiplexers 14.
Only one spaces switch could be used which have one input  30  wavelength
of optical power 16 is required but for connection to a respective
multiplex and have  several sources may be provided if necessary. many
outputs, with one output coupled to each          When only one transmitter
station associated demultiplexer. This may have application for small-
with a particular multiplex is transmitting it will be er networks where
the simplicity of the switch     understood that the corresponding signal
can be architecture may offset the necessity to provide   35  regarded as
being multiplexed with null signals multiple coupling to each
demultiplexer.           from the other stations. The hetero/homodyne
detection methods dis- cussed above have particular applicability to net-
Claims works where the multiplexers and demultiplexers are located closely
together, for example in con-  40  1. A switched optical network for
connecting sig- necting components of a computer system.               nals
from any one of a plurality of transmitter Referring now to Figure 3 an
alternative group-    stations ([err]) with any one of a plurality ing of
modulators M in units to that shown in Figure   of receiver stations
([err]) comprising: - 1 is shown. All those modulators M of the network
at least two optical multiplexing means ([err] coupled to an optical source
O  of a given   45        - [err]) each responsive to signals from re-
wavelength are housed in a distinct unit, the multi-   spective two or more
transmitter stations and plexes being formed by combining one output of
each providing an optical multiplex signal cor- each modulator with one
output from each of the        responding to the signals of the transmitter
other units. When the network has the same num-        stations to which it
is connected; ber of optical space switches as multiplexes (as in  50   a
plurality of demultiplexing means (14); the Figure 1 embodiment), the
optical combiners           and a plurality of optical switch means may
conveniently be formed by star couplers with       ([err]); each output of
each star coupler being optically          characterised in that coupled to
a different one of the optical space           the plurality of optical
switch means are switches SW.                                  55
arranged to receive all of said optical multiplex Referring now to Figure
4, an optical space        signals and each optical switch means is con-
switch 14 is shown which combines the action of        nected to a
respective two or more receivers, 



the combination of switches SW and SW; of Figure       each optical switch
means being controlled to 5    9                 EP0317352B1
10 switch selected optical multiplex signals to se-  10. A network as
claimed in any one of claims 6 to lected receivers,
9 characterised in that the modulators of each a respective demultiplexer
means being          unit are formed on a single lithium niobate connected
to each output (OP) of each optical      substrate. switch means, each
demultiplexer means cor-   5 responding to a unique receiver and being
11. A network as claimed in any preceding claim controlled to demultiplex
the multiplexed signal   characterised in that the optical switch means
selected by the optical switch means and to        includes a plurality of
optical space switches, pass a selected signal from the demultiplexed
each having one input optically coupled to a signal to the receiver.
10      respective multiplexing means, and a plurality of outputs, a
respective demultiplexer being 2. A network as claimed in claim 1
characterised       optically coupled to each output of every op- in that
each multiplexing means includes a         tical space switch. plurality of
optical sources ([err]) for providing  optical power at two or more  15
12. A network as claimed in any one of claims 1 to wavelengths, a plurality
of modulators ([err]-       10 characterised in that the optical switch
[err]) each optically coupled to a respective       means includes a
plurality of optical space one of the optical sources and responsive to a
switches, each having a plurality of inputs, signal from a respective
transmitter station to    each multiplexing means being optically coup-
provide an optical signal representative of that  20  led to an input of
every optical space switch, transmitter station signal, and optical
combiner   and each having a plurality of outputs, a re- means (Cl) for
combining the optical signals to    spective demultiplexer being optically
coupled form the optical multiplex.                        to each output
of every optical space switch. 3. A network as claimed in claim 1
characterised   25  13. A network as claimed in claim 12 characterised in
that there is only one optical source of        in that the number of
outputs of each optical optical power at each wavelength.
space switch equals the number of multiplex- ing means. 4. A network as
claimed in either one of claim 2 and 3 characterised in that the
wavelengths of  30  14. A network as claimed in claim 13 as depen- the
optical sources are fixed by a central         dent on claim 9
characterised in that each wavelength referencing means (12).
optical combiner is a star coupler having a plurality of outputs, each
output being optically 5. A network as claimed in any one of claims 2 to
coupled to an input of a distinct optical space 4 characterised in that the
optical sources are  35  switch. lasers. 15. A network as claimed in any
one of claims 1 to 6. A network as claimed in any one of claims 2 to
14 characterised in that each demultiplexer is 5 characterised in that all
the modulators of the  also coupleable to any optical source by a network
coupled to an optical source of a   40     selection means responsive to a
selection sig- given wavelength are housed in a respective,       nal.
distinct unit ([err]). 16. A network as claimed in either of claims 14 7. A
network as claimed in claim 6 characterised       and 15, as dependent on
claim 13, charac- in that the number of modulators in each unit  45
terised in that the selection means comprises a is equal to the number of
optical multiplex        plurality of secondary optical space switches
signals provided by that unit.                     equal to number to the
number of optical space switches, each having a plurality of in- 8. A
network as claimed in any one of claims 2 to      puts equal in number to
the number of distinct 5 characterised in that all the modulators of the
50  wavelengths of the optical sources and each network whose optical
outputs form part of the     input being connected to a optical source of
same multiplexing means are housed in a re-        distinct wavelength, and
each having a plurality spective, distinct unit.
of outputs equal in number to the number of optical space switches, each
output of a given 9. A network as claimed in claim 8 characterised   55
secondary optical space switch being com- in that the number of units is
equal to the        bined with a distinct output of one correspond- number
of distinct wavelengths from the op-        ing optical space switch. 



tical sources. 6   *    C    L   M   S   *    11                EP 0 317
352 B1                        12 17. A network as claimed in any one of
claims 15       einrichtung verbunden ist wobei jede Demulti- to 16
characterised in that each secondary         plexeinrichtung elnem einzigen
Empfinger ent- optical space switch forms part of the cor-        spricht
und gesteuert wird, um das multiplexte responding optical space switch,
each output       Signal zu demultiplexen, das durch die opti- of the
optical space switch being optically   5    sche Umschalteinrichtung
ausgewAhIt ist und coupleable simultaneously to one of the inputs     um
ein ausgew~hItes Signal von dem demulti- connected to a multiplexing means.
plexten Signal zu dem Empfanger zu fthren. 18. A network as claimed in
anyone of claims 15     2. Netzwerk nach Anspruch 1, dadurch gekenn- to 16
for use with a heterodyne receiver,  10      zeichnot, daB jede
Multiplexeinrichtung enth~lt: characterised in that the selection means in-
eine Vielzahl optischer Quellen (01 - Oioo) cludes a frequency shift means
whereby each        zum Bereitstellon optischer Leistung bet zwei optical
source is frequency shifted by a pre-      oder mehreren Wellenlangen, eine
Vielzahl von determined amount prior to being coupled with      Modulatoren
(Ml - Moo), von denen jeder mit the output of an optical space switch.
15      einer jeweiligen der optischen Quellen optisch gekoppelt ist und
auf emn Signal von elner 19. A network as claimed in claim 2 characterised
jeweiligen Sendestation antwortet, um ein opti- in that the receiver
includes a tunable filter     sches Signal zu erzeugen, das jenes Sendes-
responsive to a selector signal to permit one of   tationssignal darstellt,
und elne optische Kom- the wavelengths of the wavelength multiplex   20
biniereinrichtung (Cl) zum  Kombinieren der only to reach the optical
detector of the re-      optischen Signale, um den optischen Multiplex
ceiver.                                            zu bilden.
PatentansprUche                                    3. Netzwerk nach
Anspruch 1, dadurch gekenn- 25      zeichnet, daB es nur eine optische
Quelle opti- 1. Optisches Vermifflungsnetzwerk zum Verbin-          scher
Leistung bet jeder Wellenlange gibt. den von Signalen von irgendeiner elner
Viel- zahl von Sendestationen (T, - Tloooo) mit ir-   4. Netzwerk, wie es
in einem der AnsprUche 2 gendeiner einer Vielzahl von Empfangerstatio-
und 3 beansprucht ist, dadurch gekennzeich- nen (Ri - Ri0oc0), das umfafit:
30      net, daR die Wellenlingen der optischen Quel- Ion durch eine
zentrale Wellenlangenbezugs- mindestens zwei optische Multiplexeinrichtun-
einrichtung (12) fixiert sind. gen (Ui - U1 00), die jeweils auf Signale
von jeweiligen zwei oder mehreren Sendestationen    5. Netzwerk nach einem
der Ansprfche 2 bis 4, antworten, und die jeweils ein optisches Multi-  35
dadurch gekennzeichnet daB die optischen plexsignal erzeugen, das den
Signalen der          Quellen Laser sind. Sendestationen entspricht, mit
dem sie verbun- den sind;                                       6. Netzwerk
nach einem der AnsprUche 2 bis 5, dadurch gekennzeichnet. daB alle
Modulatoren eine Vielzahl von  Demultiplexeinrichtungen   40   des
Netzwerks, die mit einer optischen Quelle (14);
einer gogebenen WellenlInge gekoppelt sind, in elner jeweiligen
unterschiedlichen Einheit und eine Vielzahl von optischen Umschaltein-
(U1 - Ui c0) untergebracht sind. richtungen (SW, -SWioo); 45  7. Netzwerk
nach Anspruch 6, dadurch gekenn- dadurch gekennzelchnet, dalB
zeichnet, dalB die Anzahl von Modulatoren in jeder Einheit gleich der
Anzahl von optischen die Vielzahl optischer Schalteinrichtungen an-
Multiplexsignalen ist, die durch jene Einheit geordnet ist, um alle der
optischen Multiplexsi-   erzeugt sind. gnale zu empfangen, und jede
optische Urn-  50 schalteinrichtung  mit jeweiligen zwei oder     8.
Netzwerk nach einem der AnsprUche 2 bis 5, mehreren Empfangern verbunden
ist, wobei           dadurch gekennzeichnet, daBl alle Modulatoren jede
optische Umschalteinrichtung gesteuert        des Netzwerks, deren optische
Ausgange el- wird, um ausgewihIte optische Multiplexsigna-      non Teil
der gleichen Multiplexeinrichtung bil- le zu ausgew~hIten Empfingern
umzuschalten,  55    den, in einer jeweiligen unterschiedlichen En- heit
untergebracht sind. eine jeweilige Demultiplexeinrichtung mit je- dem
Ausgang (OP) jeder optischen Umschalt-     9. Netzwerk nach Anspruch 8,
dadurch gekenn- 
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Einheiten gleich      schiedlicher Wellenlangen der optischen Quel- der
Anzahl von unterschiedlichen Wellenilin-      len sind, und wobei jeder
Eingang mit einer gen von den optischen Quellen ist.
optischen Quelle elner unterschiedlichen Wel- lenlitnge verbunden ist und
wobei jeder eine 10. Netzwerk nach einem der AnsprUche 8 bis 9,   5
Vielzahl von Ausgangen aufweist, die anzahl- dadurch gekennzeichnet, daB
die Modulatoren        maBig gleich der Anzahl der optischen Raum- jeder
Einheit auf einem einzigen Lithiumniobat-    schalter sind, wobei jeder
Ausgang elnes ge- substrat gebildet sind.
gebenen zweiten optischen Raumschalters mit einem unterschiedlichen Ausgang
eines ent- 11. Netzwerk nach einem der vorangehenden An-  10
sprechenden optischen Raumschalters kombi- sprUche, dadurch gekennzeichnet
daB die opti-      niert ist. sche Umschalteinrichtung eine Vielzahl opti-
scher Raumschalter enth~lt, von denen jeder    17. Netzwerk nach einem der
AnsprUche 15 bis einen Eingang aufweist der mit einer jeweiligen    16,
dadurch gekennzeichnet, daB jeder zweite Multiplexeinrichtung optisch
gekoppelt ist und   15  optische Raumschalter einen Teil des entspre- eine
Vielzahl von Ausgangen, wobei ein jewei-      chenden optischen
Raumschalters bildet, wo- liger Demultiplexer mit jedem Ausgang jedes
bet jeder Ausgang des optischen Raumschal- optischen Raumschalters optisch
gekoppelt ist.    ters gleichzeitig mit elnem der Eingange op- tisch
koppelbar ist, die mit einer Multiplexein- .12. Netzwerk nach einem der
Ansprllche 1 bis 10,  20  richtung verbunden sind. dadurch gekennzeichnet
daB die optische Urn- schalteinrichtung  elne  Vielzahl  optischer   18
Netzwerk nach einem der AnsprUche 15 bis Raumschalter enthalt, wobei jeder
eine Viel-       16, und zwar zur Verwendung bei elnem Hete- zahl von
Eingangen autweist, wobei jede Multi-    rodynempfanger, dadurch
gekennzeichnet, daB plexeinrichtung mit einem Eingang jedes opti-  25  die
Auswahleinrichtung eine Frequenzverschie- schen Raumschalters optisch
gekoppelt ist,         beeinrichtung enthalt, wodurch jede optische und
wobei jeder eine Vielzahl von Ausgangen        Quelle um einen
vorbestimmten Betrag fre- aufweist, wobel ein jeweiliger Demultiplexer mit
quenzverschoben wird, bevor sie mit dem Aus- jedem Ausgang jades optischen
Raumschal-           gang eines optischen Raumschalters gekoppelt ters
optisch gekoppelt ist.               30       wird. 13. Netzwerk nach
Anspruch 12, dadurch gekenn-     19. Netzwerk nach Anspruch 2, dadurch
gekenn- zeichnet, daB die Anzahl von Ausg~ngen jedes       zeichnet, daB
der Empfanger ein einstellbares optischen Raumschalters gleich der ANnzahl
Filter enthalt das auf ein Auswahlsignal antwor- von Multiplexeinrichtungen
ist.           35      tet, um nur einer der Wellenlangen des Wel-
lenlangenmultiplexes zu erlauben, den opti- 14. Netzwerk nach Anspruch 13,
wenn er von An-        schen Detektor des Empffngers zu erreichen. spruch 9
abhangt, dadurch gekennzeichnet, daB jeder optische Kombinierer ein
Sternkopp-  Revendloatfons ler mit einer Vielzahl von Ausg~ngen ist, wobei
40 jeder Ausgang mit einem Eingang eines unter-   1. Rdseau optique commute
pour transmettre des schiedlichen optischen Raumschalters optisch
signaux de l'une quelconque d'une pluralite de gekoppelt ist.
stations 6mettrices (Ti - T0ooo0) a 1'une quel- conque d'une pluralit6 de
stations receptrices 15. Netzwerk nach einem der Ansprtche 1 bis 14,  45
(R1 - R1 oo00), comprenant: dadurch gekennzeichnet, dab jeder Demultiple-
au moins deux moyens de multiplexage xer auch mit irgendeiner optischen
Quelle kop-     optique (U, - U1oo) rdagissant chacun a des pelbar ist und
zwar durch elne Auswahleinrich-     signaux provenant de deux ou davantage
de tung, die auf ein Auswahisignal antwortet.         stations 6mettrices
respectives et delivrant so      chacun un signal multiplex optique
correspon- 16. Netzwerk nach elnem der AnsprUche 14 und          dant aux
signaux des stations 6mettrices aux- 15, wenn sie von Anspruch 13 abhfngen,
da-         quelles i1 est connecte; durch gekennzeichnet, daB die
Auswahleinrich-         une pluralit6 do moyens de d6multiplexa- tung eine
Vielzahl zweiter optischer Raum-         ge (14); schalter umfalt, die
anzahImASig gleich der  as       et une pluralite de moyens de commuta-
Anzahl der optischen Raumschalter sind, wo-       tion optique (SW1 -
SWMoo); 
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16 optique est agencee pour recevoir tous les     . R4seau selon I'une
quelconque des revendica- signaux multiplex optiques et chaque moyen
tions 2 a 5, caract6rise en ce que tous les de commutation optique est
connecte a deux       modulateurs du reseau dont les sorties opti- ou
davantage de recepteurs respectifs, chaque    ques font partie du m8me
moyen de multi- moyen de commutation optique etant com-   5      plexage
sont loges dans une unite distincte mande pour commuter des signaux
multiplex        respective. optiques selectionnes a des recepteurs s6lec-
tionnds,                                      9. Reseau selon la
revendication 8, caracterise en un moyen de ddmultiplexage respectif
ce que le nombre d'unites est egal au nombre etant connect6 a chaque sortie
(OP) de cha-  10  de longueurs d'onde distinctes des sources que moyen de
commutation optique, chaque         optiques. moyen de demultiplexage,
correspondant & un recepteur unique, 6tant commandO pour de-     10. Reseau
selon l'une quelconque des revendica- multiplexer le signal multiplexe
selectionne par  tions 6 a 9, caracterise en ce que les modula- le moyen de
commutation optique et pour en-  15  teurs de chaque unite sont form~s sur
un seul vwyer au recepteur un signal selectionne dans    substrat en
niobate de lithium. le signal demultiplexe. 11. Reseau selon l'une
quelconque des revendica- 2. Reseau selon la revendication 1, caractdris6
en   tions precedentes, caracterise en ce que le ce que chaque moyen de
multiplexage com-  20     moyen de commutation optique comporte une porte
une pluralite de sources optiques (Q. -    pluralite de commutateurs
spatiaux optiques, Oioo) pour fournir de l'energie optique a deux
possedant chacun une entree couplee optique- ou davantage de longueurs
d'onde, une plurali-   ment a un moyen de multiplexage respectif et tO de
modulateurs (Mi - Ml oo) qui sont chacun    une pluralite de sorties, un
ddmultiplexeur res- couples optiquement a une source optique  25     pectif
etant couple optiquement a chaque sor- respective et reagissent a un signal
provenant  *tie de chaque commutateur spatial optique. d'une station
emettrice respective pour delivrer un signal optique reprdsentatif de ce
signal de  12. Reseau selon l'une quelconque des revendica- la station
6mettrice, ainsi qu'un moyen de       tions 1 a 10, caracterise en ce que
le moyen combinaison optique (Cl) pour combiner les  30   de commutation
optique comporte une pluralite signaux optiques afin de former le multiplex
de commutateurs spatiaux optiques, possedant optique.
chacun une pluralite d'entrees, chaque moyen de multiplexage 6tant couple
optiquement a 3. Reseau selon la revendication 1, caracterise en   une
entree de chaque commutateur spatial op- ce qu'il y a seulement une source
optique  35    tique et chaque commutateur possedant une d'energie optique
a chaque longueur d'onde.      pluralite de sorties, un demultiplexeur
respectif etant couple optiquement a chaque sortie de 4. Reseau selon la
revendication 2 ou 3, caracte-    chaque commutateur spatial optique. rise
en ce que (es longueurs d'onde des sour- ces optiques sont fixees par un
moyen central  40  13. Reseau selon la revendication 12, caracterise de
ref~rence de longueur d'onde (12).            en ce que le nombre de
sorties de chaque commutateur spatial optique est 6gal au nom- 5. R6seau
selon l'une quelconque des revendica-      bre de moyens de multiplexage.
tions 2 a 4, caracterise en ce que les sources optiques sont des lasers.
45  14. Reseau selon la revendication 13 dependante de la revendication 9,
caracterise en ce que 6. Reseau selon l'une quelconque des revendica-
chaque combineur optique est un coupleur en tions 2 a 5, caract&risO en ce
que tous les      etoile ayant une pluralite de sorties, chaque modulateurs
du reseau couples a une source       sortie etant couplee optiquement a une
entr~e optique d'une longueur d'onde donnee sont  so    d'un commutateur
spatial optique distinct. loges dans une unitO distincte respective (Ut -
UiOO).                                        15. Reseau selon l'une
quelconque des revendica- tions 1 a 14, caracteflse en ce que chaque 7.
Rdseau selon la revendication 6, caracterise en   demufltplexeur est
6galement couplable a ce que le nombre de modulateurs dans cha-  55
n'importe quelle source optique par un moyen 



que unit6 est egal au nombre de signaux multi-    de sOlection reagissant a
un signal de selec- plex optiques delivres par cette unite.          tion.
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18 16. Reseau selon la revendication 14 ou 15 d6pen- dante de la
revendication 13, caract&ris4 en ce que le moyen de selection comprend une
plu- ralitM de commutateurs spatiaux optiques se- condaires dont le nombre
est 6gal au nombre   5 k....._   de commutateurs spatiaux optiques et qui
pos- sedent chacun une pluralit6 d'entr6es dont le nombre est egal au
nombre de longueurs d'on- de distinctes des sources optiques, chaque entr6e
6tant connect6e a une source optique  10 de longueur d'onde distincte, de
m~me qu'une pluralite de sorties dont le nombre est egal au nombre de
commutateurs spatiaux optiques, chaque sortie d'un commutateur spatial
opti- que secondaire donne etant combin6e avec  15 une sortie distincte
d'un commutateur spatial optique correspondant. 17. Reseau selon la
revendication 15 ou 16, carac- terise en ce que chaque commutateur spatial
20 optique secondaire fait partie du commutateur spatial optique
correspondant, chaque sortie du commutateur spatial optique dtant optique-
ment couplable simultanement a l'une des en- trees connectdes a un moyen de
multiplexage.  25 18. R6seau selon la revendication 15 ou 16 et destine a
etre utilise avec un recepteur hetero- dyne, caracterise en ce que le moyen
de sd- lection comporte un moyen de d6calage de   30 frequence,
I'agencement etant tel que chaque source optique eat decal6e en fr6quence
d'une quantit6 predeterminee avant d'etre couplee A la sortie d'un
commutateur spatial optique. 35 19. Reseau selon la revendication 2,
caracterise en ce quo le r6cepteur comporte un filtre accorda- ble
reagissant a un signal de selection afin de g   permettre a seulement l'une
des longuours d'onde du multiplex de longueur d'onde d'at-  40 teindre le
detecteur optique du recepteur. 45 50 55 10 *  C  L  M   S    *    


